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LOINTRODUCTION & OVERVIEW

This report summarizes the results of a statewide study
cornpleted on behalf of the MichiganWaste & Reoyaling
Association (MWERA) to detarmine levels of PFOA and
PFOS in the Isachate of those landfills participating in the
study, and to estimats the Isachaia’s relative contribution
to the total amount found in wastewater influant at
water resource recovery facilities (WHRRFs) (aka FOTWSs
or publicly owned treatment works, or sewage or
wastewater treatment plantst. The study invobred testing
leachate at 37 active municipal solid waste landfills (Type
I tandfilis} located throughout the state. This report
oresents general background information on PFAS,
sumimarzes testing results, and summarizes available
PFAS information from WREFs that recsive lsachate and
those that do not.

PFOA and PFOS are two compounds in a class

of compounds known as Per and polyflucroalioyl
substances (FPAS) They have been used for over B0
vaars in housahold products such as non-stick coatings
in cookware, in stain and watarrasistant coatings and
fabrics, and in industrial products such as firefighting
foam. More recently, caertain FFAS compounds ware
identified as having potentially adverse effects on
human health and the environment. In genaral, FFAS
compounds are resistant 1o natural degradation, and can
therefore persist in the environment for a long time.

Fach solid waste fandfill in the study is licensed by the
Siate of Michigan 1o accept household, sommercial, and
industrial solid waste genergted by the communities they
serve, Some of the wastes received for disposal contain
PFAS, Leachats is the liguid that oceurs in landfifls when
rainwatsr combinas with moisture contained within the
waste. Chemicals presant in the wasts may be presant
in ths leachate. The leachate is effectively captured by
utilizing engineered liner and active liquid collection
systemns. A common method of leachate management
is through dischargs 1o 8 local WREF whare it s handied
with other household, commercial, and various industrial

wastewaters. I this way, Isachats is managed in a closed
system whers there is no direct exposura 1o the public,

Landfill leachate sent to a WRRF is typically directly
discharged via pipeling or stored in onsite tanks prior

1o being transferraed o tanker trucks and hauled 1o the
raatment facility. WRRFs are senginsarad structures that
apply various technologies to reat wastewsater 1o mest
certain ragulatory criteria prior to dischargs of these
Walers,

fn 2018, the Michigan Department of Envirenmenial
Guality (MDEQ]} and various WHREFs requested that
landfills teat for PFAS in lsachais as part of a statewide
effort 1o better undarstand the presenca of PFAS in

the environment and to work toward plans for PRAS
reduction, where nesded. The information was also
useful to examing the interdependent cycle of waste
disposal, lsachate ganeration, wastewater treatment, and
wastewater sludge disposal,

Rather than participating landfills sarmpling and reporting
individually, the MWRA (with MDEQ concurrenos)
conducted a collective study involving 32 active municipal
solid waste landfills (Type H landfills! located throughowt
the state. This effort represents one of the largest
siudies conducied on active landfill leachatas to-date. The
main objective of the study was 1o gather information on
PFOA and PFOS concentration in leachate at individual
landfills and to examing its potential significance to WRRF
influent across the state.

NTH Consultants, Ltd, (NTH), a Michigan-bassd
professional environmental and engineering consulting
firm, conducisd the MWRA stucy. NTH preparsd this
technical report that provides testing results for individual
landfills, details of the sampling and analysis procadures,
characteristic leachate discharge volumes, and available
flow and PFAS tasting information from the potentially-
affected WRRFs,
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2.0 REGULATORY STATUS AND GLOBAL LANDFILL LEACHATE CONCENTRATIONS

information on various adverse health affacts associatad
with cartain PFAS compounds has besn evolving sings
the sarly 2000%s. Two of the most widely-utilized PFAS
compounds, PFOA and PFOS, have raceived aarly
snvirenmental regulatory focus, These and relaisd
compounds have been usad in thousands of applications
worldwide, Largely for these reasons, the manufacture
of FFOA and PFOS has been voluntarily phased-out in the
United States.

in response 1o concerns regarding the increasingly
common detection of FFAS in the environment, the
Michigan PFAS Action Response Team (MPART)

was formed by an Executive Directive issued by
then-Governor Snyder in November 2017 MPART, a
multiagency group, is comprised of a team of lgcal, state,
and federal agencies that are working 1o understand the
exposure risks and ways 1o mitigate PFAS impacts to the
environment,

MPART emphasizas the need for cooperation and
coordination among agencies at all levels of government
charged with identifying PFAS contaminants, informing
the public, and mitigating the potantial effects,

The EFA established a drinking water health advisory
(Ha) for FFOA and PFOS of 70 ppt in 2016, Although

the HA is not an enforceable drinking water standard,
was established as a protective guidance for the most
sansitive subpopulations over a hetimea of exposura, in
January of 2018, the MDEQ incorporated the information
ncontained in the HA and established the same 70 ppt
value as groundwater cleanup oriteria under Part 201,
Environmental Remediation, of the Natural Resources and
Environmeantal Protection Act, 1924 BA. 451, as amended
{Act 4511 Currently, this value is used by the Michigan
Department of Health and Human Services (DHMHS) as
guidance when evaluating PFAS concantrations in public
and privats drinking water supplies.

The MDEQ also promulgated Water Quality Standards
WS for PFOA and PFOS in surface water in May 2011
and March 2014, respectively. Thess WOS valuss wars
developsd for use by MDEQ whan evaluating permits
for discharge to surface water and were promulgated in

accordance with the Part 4 Rule 57 administrative rules
{Rule 57} pursuant 1o Water Resources Protection (Fart
31 of Act 451 Michigan's WOS values include chamical-
spacific values that repressent the water guality values
protective of aguatic life, human health, or wildlife; and
acute chemical-specific valuss protective of aguatic life.
The applicable most restrictive WQS values developsd by
the Siate are lisied in below inTable 2-1, Rule 57 Values.

Table 2-1 ~ Bule 57 Values

PFOS 12 ppt 11 ppt
FFOA 12,000 ppt 420 ppt

HNV Human Ner-cencer Value

ppt parta per trillion (labaratory reports in nanograms per liter (ng/L)

oody receiving the

el SOUce

water” means the
3 used gs a public drinking wi

Other states have or arsg considering establishing
regutatory limits for PFAS compounds. The variability in
axisting valuss betwsean states is genearally atiributable
to differances in the sslection and intsrpretation of the
choics of uncertainty factors, and the approach used
for amimal-to-human exirapolation mostly using the
sarne key toxicity data, Differences in values betwesn
ragulatory agencies may also be dus to the choice of
axposure assumptions, including the amount of water
consumed, iife stage usad, and the relative source
contributions {percentags exposure assumaead 1o comes
from non-drinking water sourcas). All of this contribuises
o the overall unceriainty across the US in how 1o most
appropriately establish risk-based criteria for these
compounds and maore consisiancy i3 needed in this
important arsa.
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To provide a basis for comparison of the results of
the MRWA landfill Isachats study, NTH completed

a review of current literature ragarding PFOA and
PFOS concentrations in landfill leachate. Sources
include professional jpurnals, regulatory documants,
and government agency websites. A summary of the
information we reviewed is presented balow,

2.2.% Worldwide PFOA and PFRS

Literature review focused on documents published
over the past 15 years, Twio recent and comprahensive
publications regarding FFAS concentrations in isachais
ncludes a worldwide perspective by Hamid, et al 2018)
and i1s associated multiple references, and the US-
focused paper by Lang, et al (2017},

Unlike Hamid, st al {2018}, Lang, et al (2017} focused

on an svaluation of climatic effects on leachate PFAS
concantrations and associated mass loading 1o municipal
wastawater treatment plants focated in the US. This
study, which included 87 samples from 18 landfills,
raprasenting one of the largest databases of any

sirnilar investigation 1o date, demonstrates PFOA and
FFOS concentrations in lsachate genarally have been
decraasing over ime, with greater rates of decline in
humid regions (e, pracipiation greater than 75 cmfyear),
which is where landfills that gontain nearly half the annual
volume of solid waste disposed in the US are located.

Hamid, et al {2018} compiled data from 11 selecisd
Herature sources, published betwesn 2004 1o 2017

that include PFAS lsachate concentrations from landfills
ocated in Australia, Canada, China, Denmark, Germany,
Norway, Spain, Swedsn, and the USA | Togsther, thase
sources comprise dozens of landfills with a total of more
than 182 leachate samplss,

To summarize the PFOA and PRGOS Ieachate resulis from

Literature Study derived from Hamid, et al's database
{Supplemental Information Table 1} and information from
the Lang {2017} et al. study. This information is graphically
depicisd on Figurs 2-1, PFOA & PFOS Concentration in
Landfill Leachate (Worldwide - Separate Studies),

Figure 2-2, PFOA & PFOS Concentrations in Landfill
Leachais (By Regiony summarizes the PFOA and PFOS
ranges observad in each of the world regions. As shown,
FFOA and PFOS concentrations in landfill leachate vary
considerably in different ragions of the world and likely
reflact the nature of the consumaer products and industrial
materials usad, produced, and disposed in each country.
The aga of waste materials, a3 well as climatic conditions
1o which landfills are subject, appsar important factors
that govern the rate of degradation of PFAS materials to
FFOA and PFQOS, both considerad “terminal” products of
precursor compounds.

fn summary, the preceding information reveals a wide
range of leachate PFOA and PFOS concentrations
worldwide including the Unitad States. China'’s values
are much higher than slsewhsre in the world, liksly a
result of their continued production of consumsr goods
{as well as industrial waste associated with related
manufacturing processes) with PFAS compounds. These
products are then distributed throughout the world for
purchase, including in the US and eventually disposad.
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Figurs 241
PFOA & PFOS Concentrations in Landfill Leachate
{Worldwide - Separate Studies]
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Table 2.2:

Summary of Literature Study - PFOA & PFOE Concentrations in Landfill Leachats

2. Allred, et 812015 Usa i 100 1,055 100 - 590 155
3 lang, et sH{2017} USA 87 100 530 45 -300 9
4. Banskin, et ai {2012 Canaria 5 100 520 100 - 4,400 390
ot al {7004} Nordie Countries N N 230 NA 30 - 180 30
A A 3 NA 1-4 NA
NA NA 540 A 550
26 35 57 100 3
i 100 437 7 NA
Australia 17 100 450 89 31
11, Guilen, et al 2017 Australia 87 54 17 - 7.500 800 85 2,70 220
12, Yan, et al {2015) China 8 100 281 - 214,000 2,284 1010 1,150 - 8,020 174D
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Figure 2-2
PFOA & PFOS Concentrations in Landfill Leachate
{By Region)
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3.0 LEACHATE SAMPLING PROGRAM

This ssction includss information regarding the statewide
PFAS sampling program participants, along with sample
coltection methods and analytical techniques. The
sampling program included 32 sites located in the Lower
and Uppsr Peninsulas of Michigan, as shown on the
attached Figure 3-1, Site Location Map. Fach site is an

active, Type H, municipal solid waste landfill. As explained
iater in this report, we included three additional landfills
with isachate data available for comparison as part of ouwr
ovaerall evaluation. The locations of these thres disposal
faciliies {L.e., City of Rivervisw Landfill, South Kent County
Landfill, and Smiths Creek Landfill} are also shown on
Figure 3-1.

3.1.1 Site Sampling Planning & Coordination

NTH working with Test Amaerica Lahorstories {TAL)
sampled leachate at the 32 MWRA-member landfills over
a pariod of 14 days, beginning on Monday, November

19, 2018, and concluding on Wednasday, Decamber 12,
2018 NTH accompanied TA staff during the first B days
of sampling to verify TAL followed MDECrecommendad
sampling methods and protocol in the guidancs
documents referenced below.

NTH contacted each of the 32 participating facilities and
requested information including site coniacts, leachate
system dischargs configuration, access imitations,
specialized site reqguirements, pretreatment installations,
leachate discharge volume, and receiving WERF locations.
The relevant information from the sites is summarized on
Tahle 3-1, Landfill Leachate Discharge Information.

Additionally, NTH prepared and distributed a sampling
schedude based on logistical groupings to maximize
sfficiency and coordinals accepiable sampling timss

at esach site. NTH remainsd in contact with TAL to
maintain the established schaduls according to site-
specific approvals, NTH provided TAL the compiled site
inforrmation for use as a guide during the sampling 1o help
streamiine and prepare for the fisld work,

3.1.2 Sampling Collection Overview
Fxparianced TAL field staff completed leachate sampling
with oversight by My, Michasl McNamara (NTH] during

the first B sampling days. Mr. McMNamara previously
completad PFAS sampling training conducted by the
MDEQ in April 2018, The MDEQ training included fisid-
sampling of leachate and groundwater along with the
collection squipment blanks using laboratory-supplied
PFAS-free water (LSPFW), MDEQ has issued a number
of draft guidance documents for PEAS sample collection,
including:

&

“Standard Opearating Frocedure - Collection of Landfill
Leachate Samples for Analvsis of Polyfiuorinated Alkyl
Substances (draft))” dated April 2018,

s “Wastewater PFAS Sampling Guidance,” dated
October 2018, and

»  “General PFAS Sampling Checkdist” dated October
2018,

Both NTH and TAL reviewsd and followed these
documents during sampling activities. To mainiain
consistency and uniformity with the program sampling,
TAL dedicated two sxpsrisncsd representatives (Gary
Schafer and Zachary Msison) to this project, who
remained involved for the duration of the entire 32-site
program, as indicated inTable 3-1 During the first five
days of sampling, which included 14 of the 32 sites,
NTH accompanied the dasignated TAL sampling crew
and verifisd that TAL followed the MDEQ PFAS-sampling
protocols. A summary of the sampling procedures is
included in Appendix A, Sampling and Testing Methods.

3.1.3 Sample Analysis

Consisient with MWHRAS agreement with MDEQ, the
sample analysis for this study included PFOA and PFOS
using EFA Method 537 (modified). This was done 10 focus
the study on the two compounds with Michigan Part 201
and Bule 57 standards. TA analyzed the samples at their
Sacramenio laboratory following their US EFA Method 837
imodified) standard operating proceduraes {SOPs).

NTH
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Manistee County Landfill, Inc.

Recyeling and Disposal

Autumn Hills Recysling end Disposal

Westside Recyeling and Disposal Facility

K&W Landfill

Michigan Environs Inc.

(Glens Sanitary Landhili

Northern Oaks

acility

Central Sanitary Landfill, Inc.

Ottawa County Farms Landfill

South Kent Landfill

SC Holdings

chard Hill Sanitary Land Bl

C&L Expanded Sa

Figure 3-1

Granger Grand River Landiill
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VIVWRA-TESTING PROGRAM
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ND PFOS DATA AVAILABLE

~ Tri-City Becyeling and O

Granger Wood Street Land#il

Dafter Sanitary Landfill

Waters Landfi#l

Republic Services of Pinconning (Whitefeather)

Peoples Landfill, Inc

Brent Run Landfill

sal Facility

Venice Park Recycling and Disposal Facility
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Sauk Trail Hills Land
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Riverview Lard Praserve

aton Farms Landfli
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Vienna Jurction industrial Park Sanitary Landfill

MNTH

| Statewi

do Study on Landfill Leachate PFCA and PFOS Impact Technical Report

ED_002541A_00000119-00007



Table 3-1
Landfill Leachate Generation & Disposal Methods

Dlscharge 1o Sanllary Sower
ADVANCED Yosilanti Community Ulitities Authority (YCUA]
Pump and Haul fo CWT eventually dischargas GLWA (38,800 gpd} Nannole o Sewer NA G0,400
Anthony Hagrone WWTP {Genasee County) Nannole o Sewer NA 16,400
CITIZENS DISPGSAL Anthony Ragnone WWTP {Genesse County ianhole 1o Sewer MR 32,800
EAGLE VALLEY RECYCLE & DISPGSAL FACH Great Lakes We ty WRRF (GLWA] Forcemain to Sewer N/A 32,000
GRANGER GRAND RIVER LANDFILL Southern Clinton County Utilities Authority {SCCMUA} Manhole to Sewer NfA 64,400
GRANGER WOO0D STREET LANDFILL City of Lansing WWTP iLansing) Manhole to Sewer N/& 19,200
OAKLAND HEIGHTS DEVELGPMENT INC Clirton River Water Resource Resavery Facility in Pontia Manhole to Sewer N/A 17,800
PINE TREE ACBRES INC Great Lakes Water Authroity WRRF {GLWA) Manhole to Sewer N/A 74000
SAUK TRAIL HILLS LANDHILL Ypsianti Community Ut s Authority [YCUA) Manhole to Sewer N/A 20,500
SC HOLDINGS City of Hastings WWTP iHastings) Direct Discharge Ammonia Treatment 16,000
VENICE PARK BECYCLING & DISPOSAL FACILITY Anthony Hagrane WWTP {Genesee County) Twao Manhoies 1o Sewer NA 32,800
WESTSIDE RECYCLING & DISPOSAL City of Three Rivars WWTF {Three Rivers) Direct Dischargs MN/A 63,800
WOODLAND MEADOWS RDF-VAN BUREN Great Lakes Water Authroity WRRF (GLWA) Manhole to Sewer N/A 54,800
Pavin gl Haob troy e
AUTUMN HILLS RECYCLING AND DISPOSAL
FACHITY City of Grand Rapids WWTP {Grand Rapids) Loadout Pad MR 04,800
DAFTER SANITARY LANDFILL City of Sault Ste. Marie WWTF (Sault St Marie) Loadout Pad N/A 16,500
GLENS SANITARY LANDHILL Betsie Lake Utility Authority (BLUA) Loadout Fad Site Evaporator 2,800
Portage Lake Water and Sewage Authority's WWIF {Portage Lake)
K& W LANDHLL fron-Gogebic Wastewate Facility {lronwood} inadout Pad NfA 17,500
City of Ludington WWIP {Ludington} {approx 4,700 gpd) Loadout Fad N/A
FEE COUNTY LANDFILLINC Packaging Corporation of America (PCA) - approx 30,000 gpd Loadout Pad N/A 4700
MICHIGAN ENVIRONS INC City of Menominee WWIF (Meromines) {.oadout Pad N/A 13,100
PITSCH SANITARY LANDFILL Balding WHRF {Belding), with Grand Rapids as 2 backup ioadout Pad NA 15,800
TRI-CITY BECYCLING AND DISPOSAL FACILITY City of Sandusky WWTP {Sandusky) {.oadout Pad N/A 9,800
Pagnp and Haud to Cenlbalzed Waste Teadumat
YCUA (60,400 gpd)
Pump and Haul to CWT eventually discharges to GIWA Loadout Pad MN/A 38,800
Dart/Clean Earth in Detroit (DART) - GLWA Loadout Pad MR 42,000
ETON FARMS LANDFILL Dait/Clean Earth in Defroit (BART] - GLWA Loadout Pad N/A 123,300
CENTRAL SANITARY LANDFILL INC SET Environmental inc - Grand Rapids Loadout Pad N/A 30,100
MCGILL ROAD LANDFILL Usher il (Detreit) {Usher Loadout Pad N/A 13,700
NORTHERN 0AKS RECYCLING AND DISPOSAL
FACH Plummer’s Environmental Services - Wyoming, M! {Plummer's) Lnadout Pad Site Evaporator 12,300
ORCHARD HILL SANITARY LANDHLL Third Party Pretreatment Facility in Holland, Mi - Holland WRRF Lnadout Pad Reverse Osmasis 12,500
CTTAWA COUNTY FARMS LANDHLL SET Environmental inc - Grand Rapids inadout Pad NfA 82,200
PEOPLES LANDFILL Usher - GLWA Loadout Pad N/A 21,800
VIENNA JUNCTION INCUSTRIAL PARK SANITARY Half 1o City of Toleds - Toleds {Out of state so not included in tofai}
ANDFH Half to Usher in Bomulus, Ml - GLWA {oadout Pad NfA 13,700
Pugnp and Haul to Dees njection Well for Bispasal
HTEFEATHER LANBFILL Deep Irjection Well In Finconning -approx 12,880 gpd Loadout Pad N/A
WATERS LANDFILL Northeastern Exgloration (De?p \{'\/EH) in Jehanneshurg, Mi-approx ¢ oadout Pad
8,200 gpd
disposal
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In this saction, we presant details regarding Igachate
disposal methods, annual leachate volurmss, and the
valer resource recovery facilities (WRRFs) that treat
leachate generated by the participating landfills, including
relevant summary tables and graphics.

3.2.1 Disposal Methods

We ohitained disposal information from a pre-sampling
gquestionnaire completed by each facility owner
representative. Based on the compiled data included

in Table 3-1, the participating landfills manage leachate
aither by direct sanitary sewsr dischargs (DS pump-
and-haul (PAH} for discharge; deep well injection (DWI; or
a combination of these three methads. One site, Orchard
Hill Landfill, primarily treats lsachate for direct dischargs
to surface water using a reverse-csmosis (RO} systsm or
whenever necessary, manages lsachate by PAH. Figure
3-2, Statswide Leachats Disposal Methods illusirates the
perceniags by leachate volume of sach disposal meathod
utilized by the participating landfills,

3.2.2 Daily Leachate Volumes

Fach site represeniative accessed their respective

site Opsrating Records that include leachats flow
rmeasuremnents. The average dailly Isachaie volumes by
site, are included onTable 3-1. As indicated on Table 3-1
and graphed on Figure 3-3, Average Daily Leachate Volume
Managed at Michigan WRRFs, the leachate volume
discharged 10 WRAFs varies, ranging from approximately
3,800 gallons per day {gpd) at Glen's Sanitary Landfill 1o
approximately 123,000 gpd at Carleton Farms Landfill. The
daily flow from aill 32 landfills ig just over T million gallons.
It genearal, the largsr landfills produce more lsachats than
smaller ones, but other factors affect leachate gensration
including timing of cell closures, new cell developrmsnt,
lsachate minimization practices, precipifation and
recirgulation.

3.2.3 Receiving WREFs

As surnmarized on Table 3-1, with the exception of DWW,
isachate from the original 32 MWRA-marmbear landiills
participating in this study are ultimately discharged to a
WREF regardless of disposalfconveyvance/pretreatment
method employed, Statewide, the leachate from 18
facilities (more than half the participating sites) is
managed at one of the five following, relatively large,
regional WRRFs located in the southermn half of Michigans
Lowsr Paninsuls

Figuie 3-2
Statewide Leachate Disposal Methods
{Percentage based on gatlons treated)

Fem

1. Great Lakes Water Authority in Detroit (GLWA), used
by ning landfilis,

2. Clinton River Water Resource Recovery in Fontiac
{CRWRR), used by one landfili;

&

3rand Rapids Water Resource Recovery {(GRWRR),
used by four landfills

4. Anthony Hagnone Wastewater Treatment Plant near
Fiint (Ragnone), used by three landfilis

5. Ypsilanti Community WUilities Authority (YUCA), used
by two landfills (one of these landfills alsg PAM 1o
GLAA)

Leachate from the remaining 12 participating landfills is
managed at individual, local and generally smallsrscale
WERRFs, primarily located in less<dansely populated
ragions of the stats {e.g., Mid-Michigan, SW-Michigan,
Mortham-Michigan, and various locations in the Upper
Peninsulal, as indicated in Table 3-1.

NTH
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Figure 3-3
Average Daily Leachate Volume Managed at Michigan WRRFs.

Note
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4.0 LABORATORY RESULTS, DATA ANALYSES AND EVALUATION

This ssction includes the lsachats laboratory results and
cur analyses and evaluation of the lsachate PFOA and
PFOS concentrations from samples collscted during this
study. As mentioned previously, PFOA and PFOS data
ware publicly availabla in MiWaters.com (MiWaters) for
three landlills cutside of this study; for completenass,
we also evaluaied those data below. This results in

35 landfills that reprasent the majority of the 45 active
solid waste disposal facilitias in Michigan. We focus

our presentation on statewids summary statistios,
comparisons 10 worldwide leachate concentrations, and
the total leachate FFOA and PFOS discharged to WHRFs
0 estimats the percaniage of the total mass of thess
compounds contributed 10 WHRFs statewide,

A discussion of the laboratory sample procassing and
analytical methods, quality control protocol, and data
validation process are summarized in Appendix A

As indicated previcusly, the original scope of this study
included evaluating the leachate PFOA and PFOS content
and their effect on the overall influent concentrations and
mass at receiving WRRFs for the 32 participating landfilis.
For completenass, the scope was expanded 10 svaluate
available PFUA and PFOS data for alf active Type ! landfilis
and all Michigan WHRFsg {those that accept leachate and
those that do noty. The resulting database used as part of
NTHs analyses and svaluation presentad in this section

is summarnizad inTable 4-14, Summary of Landfiil Data

Utilized and Table 4-18, Summary of WERRF Data Utilized,
below.

For additional details and reference, we prepared a
scharnatic, or flowchart (presented in Appendix B Source
Data Flowcharty, which combines the information provided
inTables 4-14 and 4-1B relatad 1o the source of ail data
used in this report and the basis of our analyses and
avaluations in this saction.

Taken together, as indicated on Table 4-14, the study
considers 35 landfills with available data {out of the

4% gotive Type 1 Michigan landfills). [For reference the
remaining 10 Type  landfills are listed in a 1able included
in Appendix B

For WRRF data, we refied on publicly available information
provided by MiWaters. Some WRRFs acespt isachate
from several landfitls and others only a single disposal
facility, and some do not accept any leachate, We also
note that MiWaters' influent PFOA and PFOS data set

is incomplete; not all WRRFs included information for
both compounds. As indicatad inTable 4418, WRRF
FFGA and or PFOS influant data are available for 39 (out
of Michigan's 95 total operating treatment faciiities with
industrial pretreatment programs). As also indicated in
Tahle 4-18, 88 of these WRREFs do not acoept landfil
feachate and 27 WRRFs do accept leachate, Of the 27
WHRRFs accepting leachate, 13 had available influent daia.

Table 4-14
Summary of Landfill PFOA/PFOS Data Litilized

Table 4-18
Summary of WHRF PFOASPFOS With Influent Data Evaluated in This Study
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Analvtical data reports preparad by TAL, are contained in
Appandix C, Analytical Data Raports. Table 4-24, PFOA
and PFOS Concentrations and Mass in Active Type |
Landfills Leachale presents the concentrations of thess
PFAS compounds detectsd in 32 separate leachate
samples collestad from 3% active Type 1 landfills located
it Michigan, We note three landfills included two or more
leachate samples/locations (Venice Park, Two samples;
Riverview LT, three samples; and South Kent County LR,
two samples),

As shown on Table 4-24, PFOA concentrations for the
MWRA participating landfills ranged from 240 pptto
3,200 ppt. For all 35 Michigan active Type H landiills

with data the PFOA concentration ranged from 18 ppt

to 3,200 ppt with the lowast concentration in leachate
detectad in 8 Western-Michigan landfill and greatest
concentration at a SE-Michigan landfill. The meadian PFCA
lsachate concentration was 1,000 ppt and the "average”
concantration was approximately 1,187 ppt.

For PFOS, the leachate concentrations rangsd from 100
to 710 ppt for the MWERA 372 participating landfills. For
all 35 Michigan active Type i landfills with data the PFOS
conceniration ranged from 8 to 860 ppt, and the median
value is 220 ppt. The lowest PFOS concentration was
detected in leachate from a SE-Michigan landfill; the
greatest from a Westermn-Michigarn landfill,. The avsrage
PFOS concentration was 287 ppt and the median

e

concentration was 220 ppt.

Table 4-3, Michigan vs, Worldwide PFOA and PFOS
Leachats Concentration Fangss comparas ranges of
PFOA and PFOS Isachale concentrations observed as part
of this study {“Michigan™} 10 the ranges reported for other
arsas, based on the litsraturs review discussed in Saclion
2.1, As shown, the worldwide leachate rangs for PFOA
concantrations, is non-detact to 214,000 ppt and the
corrasponding PFOS rangs is non-detect 1o §,020 ppt,

As indicated in Table 4-3, Michigan's PFOA and PFOS
ranges are within those observed in the US based

on avatlable published literature. The Michigan PFOS
concentration range is consistent with that reportsad

in other Western world regions, but nearly an orderof-
magnitude lower than what is reportad for China, The
apparant reason Ching’s concentrations are greater is thair
continued use of PFAS compounds in consumergoods

manufacturing.

Table 4-3
Michigan vs. Worldwide PFOA and PFOS Leachate
Congentrations Ranges

18 10 3,200 210 860

Michigan®

United States 30 1o 5,000 310 800

Furope MND 1o 1,000 ND to 1,500

Australia 17 107500 1310 2,700

China 281 to 214,000 1,150 to 6,026
Worldwide
Range ND to 214,000 N 1o 6,02¢
* Based on i=2ac rom 32 MwRA-member

participati
Miwate

As indicated in Section 2.1, Michigan has established both
groundwater clean-up critera and surface watar guality
standards (WQS) for PFOA and PFOS. The Michigan Part
201 groundwater cleanup criteria for PFCA and PFOS is 70
opt, sither individually or as a combined limit. This is not
an enforceable standard for public drinking water supplies
but has been usad in Michigan as & protective guideling
during site investigations.

The Rule 57 PFOAWOS is 420 ppt for surface water that
may be used as a drinking water (DW) source and 12,000
oot for non-drinking water (NDW) sources, For FFOS, the
WQS for drinking and non-drinking water sources are 11

pptand 17 ppt, respectivaly,

It is not appropriste regulatory policy to compare the
ieachate results 1o surface water quality standards (WQOS)
because lsachats s not being discharged 1o surface watar,
Neverthsless, the WOS are usaed as a msans of putting
the lsachate resulls in some context.

Individually, as shown on Table 4-24, the concentration
of PFOA in leachate collected from two landfills during
this study are balow the 420 ppt DWWOS as are the
oconcentrations from two samples from two separaie
landfills with data obtained from MiWaters., The other
samples are above the 420 ppl valus. The concentration
of PFOA In the leachate from all sites was considerably
iower than the 12,000 ppt NDW WGE. The concentration
of PFOS at all locations exceeded the DW and NDW
WS,

NTH
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Table 4-24
Concentrations and Mass of PFOA AND PFOS
Michigan Active Type § Landfills’ Leachate

A

sor Hiils Landf 98,400 3 0 ce 0.000
Autumn Hilis RDF 54,860 1300 380 0.000a 0.c0017
Brent Run Landfiil 16,400 540 1o 0.0001 0.00002
C&C Expanded Sanitary Landfill 42,600 1300 450 0.0004 0.00015
Cariston Farms Landfill 123,300 1800 250 0.0018 0.000286

Central Sanitary Landfili 30,100 2500 470 0.0008 0.00012
Citizen's Disposal Inc. 32,800 1eo 180 0.0003 0.60005
Dafter Sanitary Landfill 16,500 630 30 0.0001 0.60002

Eagle Valley RDF 32,800 480 170 0.0001 0.00005
Giens Sanitary Landfill 3,800 770 210 0.00002 C.00001

Granger Grand River Landfill 64,400 240 160 0.0001 0.00009
Granger Wood Street Landfiil 19,200 470 110 0.0001 0.00002
K&W Landfill 17600 &30 170 0.0001 0.00002
Marnistee County Landfill 4,700 470 220 0.000016 0.000009
McGili Road Landfiil 13,700 760 170 0.0001 0.00002
Michigan Environs Inc. {(Menominee) 13,100 1400 100 0.0002 3.00001
Northern Oaks RDF 12,300 1000 220 0.0001 0.00002
Qakland Heights Developmeant 17800 780 230 0.0001 0.00003
Orchard Hill Sanitary Landfill 12,500 650 110 0.0001 C.00001
Ottawa County Farms Landfiil 82,200 1800 530 0.0012 0.0004

Feople's Landfill 21,800 2500 710 0.0005 0.00013
Pine Tree Acres RDF 74,000 1800 430 0.001 G.0003
Pitsch Sanitary Landfill 15,000 1300 260 0.0002 0.00003

Sauk Trail Hills Landfili 20,500 2800 610 0.0005 0.00010
5C Holdings 16,000 950 410 0.0001 0.60005

Tri-City RDF 9,600 1200 160 0.0001 C.00001

Venice Park 8DF MH#20* 910 1920
32,800 : ~ 0.6007 G.0002

Venice Park RDF MH#21* 1500 630
Vienna Junction Industrial Park Sanitary Landfiil 13,700 1300 130 0.0001 0.00001
Waters Landfill NONE 930 230 NONE NONE

60,800 1300 160 0.0007 0.00008
NONE 1700 550 NONE NONE
54,800 2000

Riverview 003* 1800 270
Rivervigw 004% 260 140
Riverview 007* 37400 38 2.5 0.0003 0.00004
South Kent Outfail® 725 960
South Kent Hauled* 48,000 16 130 0.0001 G.0002
Smith's Creek Landiiil* 32,800 510 120 0.00M 0.00003
minimurm 16 9 0.000016 0.000007
maximum 3200 960 0.003 0.0004
median 1000 220 0.0001 0.00005
average 1186 287 0.0004 0.00M
n 38 39 33 33

; 35 are represented in this teble. o
15, in these cases, we calouiated mass based on the averaged conce ions for PFOA and PFOS
respechively.
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WHRRFs serve all users within their respective servics
areas. Landfill leachate mixes with other wastewater
from homes and workplaces, as well as public and
private facilities {e.g., churches, restaurants and stores),
that is deliverad via municipal sanitary sewer networks.
The WHRF treats the combined wastewater before
adequately-treated water is dischargsd 1o a local surface
water body or via infiliration bads,

Although very effective at removing bacteria, pathogens,
and most undesirable chemicals present in wasiewater,

mostWRRFs are not currently designed to significantly

remove PFOA and PFOS.

Tabla 428, WRRF Influsnt PFOA & PFOS Concantrations
& Daily Mass, surnmarizes available data ohtained from
MiWaters organized by three groups. “Group A7 includes
tha 14 (11 with available data) WRRFs that accept laachats
from MWRA-member landfills; “Group B nine {8 with
data} that represent WERF's that accept lsachate from
other active Type I landfills; and "Group C7 39 (20 with
data} identify WERRFs that do not accept [zachate from
active Type ll landfills,

Reviewing all thres groups, PFOA influent concentrations
rangead from non-detect (IND) at eight WRRFs 10 84.6 ppt.

The median PFOA influent concentration was 5.08 ppt
and the average was 10.3 ppt, basead on 31 sarmple with
reported detsctions,

For PFOS in all groups, influsnt concentrations

ranged from ND {at the same six WRRFs as before)

o approximatsely 500 ppt. The madian and average
PFOS influent concentrations were 8.6 ppt and 34.5 ppt
raspectively, based on 29 samples with results above the
mathod detection hmut (MDL).

Figure 4-14, WREF Gross Influent PFOA Concentrations,
graphically depicts available data for influent PFOA
concenfrations at WRRFs that accent lsachate from active
Type i landfills and those that do nol, categorized by the
groupings described above and on the graphic. Based on
visual analyses of Figure 4-14, we nots that all influent
values (Group A, Group B, and Group C) were balow ths
most stringent 420 ppt PFOAWQS,

Figure 4-18, WRRF Gross influent PFOS Concenirations,
depicts available data for influsnt PFOS concentrations at
WHRFs that acoept leachate from active Type I Handfills
and thosa that do not, categorized by the groupings
described above and on the graphic. Based on visual
analyses of Figure 4-1B, wea note that more than haif {12
of 191 of the WRRFs that accept landfill leachate {Group A
and Group B) were below 11 ppt, the most stringantWGE
for PFOS.

Figure 4-1A
WHEF Gross Influent PFOA Concentrations
ATWRRFs that Accept and Do Not Accept &ctive Type § Leachate

“Rroup £

chgte Conihution

NTH

Statewide Study on Landfill Leachate PFOA and PFCS Impact Technical Report 14

ED_002541A_00000119-00014



Figure 4-1B
WRRF Gross Influent PFOS Concentrations
AtYWRREs that Accapt and Do Not Accept Active Type B Leachats

“G

WERFs Withew Active Typ

§ PRGS (ppth in WREF influent

high when viewead in parts per trillion values, the mass
contributions are actually quits low.

In order 1o estimate the mass contribution of PFOA and
PFOS i landfill leachats to the totel WRRFs influent
mass that were evaluated in the study, wa again relied

on information available from MWEA-member landfills
{nombined with data available for other landfills) and

data provided via MiWaters (for influent and WRRF
design flowsi. This information was used 1o calculate an
astimated mass contribution of PFOA and PFOS from
gach landfill 1o their associated WRREF We also estimated
the total masg contribution of PFOA and PFOS from 46.2 WREE PFOA and PEOS Mass
all study landfills and other wastewater sources that
contribute 1o WRRF influent.

The calculated daily mass of PFOS in lsachate from the
33 landlills is also includs on Table 4-2A. The total daily
PFOS estimated mass in leachate from all 33 landfills’
leachate was 0.0031 b, The daily mass rangead from a
fow of 8.000007 b, {Northern-NMichigan landfill} to a high
of 0.0004 ib. (Western Michigan Landfilll. The median
daily PFOS mass was 0.00005 tb. and the average daily
mass for PFOS was 0.0001 b,

Table 4-28, provides a summary of sl WRRFs used in
our analyses. We note that the influent flow calculation
i5 based on the WRRF dasign flow capacity provided in
gach WRRF's NPDES permit. This design flow was usaed
sincs actual flow information is not known or published
via MiWaters, Further, wa note that most of the WRRF
influent mass calculations rely on a single or very limited
number of samplas. Based on these considerations, the
calvulated massas are provided as estimates and actual
mass may fluctuats over time, depending on a number of
intervelated factors {8.g., precipitation, seasonality, atc.)

4.6.1: Influent Leachate PFOA and PFOS Mass

Tahle 4-24, summarizes the calculated daily mass of
FFGA in leachate from 38 landfills {2 landfills do not
discharge to WRRFs} includad in this study. The 1otal
daily PFOA astimated mass from ali 38 landfills’ lsachats
was 0.014 b, Daily mass for PFOA was from a low

of 0.000018 b, (Northern-Michigan landfill} 1o a high

of 0.0026 b, (SE-Michigan landfilll. The meadian daily
FFOA mass was 0.0001 Ib. and the average daily PFOA
mass was 0.0004 . These small mass values illustrate

, From Table 4-28, based on 27 results, estimated daily
that although some of the concentration results appear

WREF influent PFOA mass ranged from non-detsct
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{at 10 faciitiss) to O {;% lb.. with a median of 0.0007 b,
and averags of 0.003 b, i--u‘ PFOS, based on 25 results,
esllmated daily WR Finfluent rangsd from non-datect (at
avaral locations) to 0.04 1b; the associated ne—dna rn and
average values were 0.0018 th. and 0.005 tb., respectively.

Figure 4-24, PFOA Mass: influent Leachate vs. Overall
WREF Influsnt, depicts the total PFOA mass contribution
from leachate varsus ovarall estimated WRRF influant mass
on a datly basis for the 13 facilities that receive leachate

and have PFOA andfor PFOS data. Review of this graphic

reveals the following

& PFOA mass from leachate represents a relatively minor
proportion of the individual WRRFs estimated influent
mass at a majority of the WRRFs.

e GLWAS PFOA influent mass is at Isast twice that of any
of the e'ihﬁer 12 WERRFs, which is based on i1s permitted
treatment capacity emd large area served including
many industrial facilities; and

¢ The influent PFOA mass for the other WRRFs that

sarve large, densely-populated metropolitan areas ars

that

genaraily greater than observed at smaller WRRFs
sarve lsss-populated arsas.

Figure 4-28, PFOS Mass: Influent Leachate vs, Overall
WRRF influent, depicts the total PFOS mass contribution
from leachats versus overall estimated WERRF influent mass
on a daily basis for the 13 facilities that receive leachate
and have PFOA and or PFOS data. Visual svaluation of this
stacked bar chart graph reveals the following:

s PFOS mass from leachate raprasents a relatively minor
proportion of most the individual WERRFs and overall;

»  GIWAS PFOS influent mass is at least twice that of
any of the other WRRFs, based on its largs permittad
treatment capacity and large area served including

many industrial facilities; and

» Other than Lansing, which did not detect PFOS in their
influsnt, the influent PFOS mass for the WRRFs that
serve largs, meatropolitan areas are generally greater
than smaller WRRFs that serve less populated areas.

Tabie 4-28
WRAF Influent PFOA and PFOS Concentrations {Page 1 of 2}

Belding A
Menominee 32 40003
Clinton River 36.6 30813
Genesee Co-Ragnone 759 4.0009
GLWA 650 {374 {0406
Grand Rapids 611 3.028 0068
Hastings Z NA N4
Hottand 12 10089 110004
Lansing 35 0.00%4 i
Ludington 45 A A
Sandusky 255 4:0002 G.ouz
Three Rivers 275 30005 0002
Wyoming 2?2 20045 0048

YOUA

Bay

s s i i

o

diniihy 40051 40832

Downriver

Hint

Kalamazoo

Kl Sawyer

Muskegon Co Metro

North Kent § A

Fort Huron

S Huron Vaiiey LA (SHUVA)

18 i i 80087 g.0077
fr7s 0730
50 40043 G029
3.5 N 1188
G665 i PA
43 G337t G.4086
a S.0007 G071
70 i a0 gone

it
NA:
NB Not

detected. Detection Hmit unkoown, Exclided from average and median calculations.
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Table 4-28
WRRF Influent PFOA and PFOE Concentrations {(Page 2 of 2)

Adrian 7
Alpena 55
Ann Arbar 285
AuGres 3.221
Battle Creek 18
Benton Harbor - St. Joseph 123
Boyne City 09
Bronsen 0.5
Charlotte 18
Commerce Twp 8.5
Deihi Twp 4
Dexter 358
East Lansing 18.75
Gavlord 2.2
Genesee Co #3 H
Gladwin (.65
Greenvitle 175
Haily 12
Howedl 7.4
ionia 4
Jackson 18
Lapeer 15
Lyon Twp 1.095
Marquetie 385
Marysvilie 7.4
Milan WWTP 75
Morios 24
Mt Clemens 5
Petoskey 7.5
Saginaw Twp 48
Saginaw 37
Saline 181
South Lyon 7.5
Sturgis 7.8
Tawas Utility Authority 7.4
Warren 35
West Bay County Regional 10.28
Wixom 7.8
Zesiand 165
minimum
maximum
Summary Statistics - all Groups (A, B, C) madian
average
n

i

NA NA
0.00a3 00802
0.a01 00049

NA NA

NA NA

NA NA

NA NA

NB 0800

NA NA
0.0u1s 00004

ND ND

ND ND
00004 ND

NO NO
00002 ND

NA NA

NA NA

NA& NA&
38001 NB

ND 30165

ND 0.8009
38001 a.0001

ND ND
38001 08002

NA NA

NA NA
0.0008 g

NA NA

NA NA

NA NA
3.6007 g

NA NA

NA NA

NA NA
38001 0.6004
Q0014 0.08027

NA NA
38001 0.08029

NA NA

ND ND

043 oo
00007 00019

e 0005
3l 28
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Figure 4-24
PFOA Mass: Influent Leachate vs. Overall WRRF influent

(e

tized

Figure 4-2E
PFOS Mass: Influent Leachate vs. Overall WRAF influent

0445

3 PROA and |
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50: OTHER CONSIDERATIONS

In this section, we discuss other concemns related to
the current understanding of PFOA and PFOS inthe
anvironment that nead to be addrassed to help guide
futurs regulatory, toxicologicsl, and best-management
practicss (BMPsh.

Itis documaented that WRRF biosolids typically contain
PEAS {NEBRA, 2018}, A recent comprehensive study was
completed for the North East Biosolids and Residuals
Association (NEBRA) that examined PFOA and PFOS
concentrations i WRHAF biosolids. Although the biosolids
data are reported for solid/sludgs samples and leachate
samples are liquids, based on our review, the biosolids
concentrations were typically two orders-of-magnitude
greater than observed in active, Type |l landfill lsachate on
& ppt basis,

Related specifically to PFOA and PFOS mass in Isachats
and WRRF biosolids, there are complexitias batween
these two media that nesd evaluation to optimize futurs
management of these two wasis streams:;

s+ the role of biochemical procasses nWRRFs;

+  fate and transport of PFOA/PFOS contained in
biosolids

+ tamporal and spatial variation effects,

s wasie age and state of decomposition in landfills;

+ gpact of equipment and infrastructure residual
contamination; and

*  appropriate and effective current BMPs,

Whhile beyond the scope of this study 10 assess thess
faciors, recent and ongoing research by others may
provide direction. For example, work by Hamid (2018
and Lang {2017} indicats some PFAS compounds typically
increase in WRRF effluent as comparad to influent from
biochemical degradation of related PFAS chemicals within
the waste strearmn. Other factors could include residual
PFAS from WRRF processing sqguipment,

For landfills, the existing literature {Lang, st al, and related
raferances) indicates that PFOA+PFOA isachate mass
decreaseas over time with more rapid declines ohservad in
temperate, humid climates, This cbservation is significant
with raspect 1o long-term PFAS Isachate management and
reduction.

Cur study and previous investigations confirm PRAS
presence in LF leachate ~ it comes from many sources
that cannot be easily identified or aliminated including
various consumer products disposed in landtills. As
indicatad throughout this report, PFAS have been used for
over B0 years in household products. Managing PFAS-
containing waste is a challenge that touches all sectors
of the sconomy, including the solid waste indusiry,
manufacturing and commercial sectors, and the general
public. It is a sociatal concarn that we nead to work
together to effectively address,

The lsachate is sffectively managed at landfills through
active leachats collection via enginsearad lingr systems.
In Michigan, the most viable methed for leachate
managamesnt is i1s dischargs to a local WRRF whers iLis
handled with othar household, commercial, and various
industrial wastewatars, In this way, [eachate is managed
in a closed system whare there is no direct axposure

to the public. WRRFs treat wastewsater 1o meet cartain
ragulatory criteria prior to discharge of the treated water,

NTH
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Considering data collected and evaluated during this
study, the impact that PFOA and PFOS in landfill leachate
has on WHRREFs influsnt concentrations is prasantad on
Figures 4-24 and 4-28. These data indicate that:

a. leachate provides a relatively minor contribution to the
ovarall PFOA and PFOS concendration/mass in most
WRREF influent because of the relatively low leachats
discharge volumess;

b, non-deachate sources of PFOA and PFOS significantly
contribute 1o WREF influent and at higher volumes.
It is noteworthy that the WRREF influent that have
no landfill leachate contribution show a similar
concentration rangs for PFOA and PFOS as WRRF
influent that has leachate contribution; and

¢, although reduction of landfill leachate concentrations
of PFOA and PFOS 1o the WRRF influent could be
baneficial 1o meetingWQGS in the WRRF effluent, the
impact may be minor in most cases since leachate
typically contributes a relatively small volume 10 the
overall WHRF influent,

A

As discussed above, WREFs also produce biosolids

{Le., "sewage sludge”) with elevated concentrations of
FFAS. These biosolids are normally either land applisd as
fertilizer or incinerated {which potentially create separata
anvironmantal exposures), or are disposed at landfills
{which likely contributes 1o higher PFAS congentrations in
{eachate atf those landfills,

Fach of thess WREF biosolids managsment msthods
have potential unintended adverse conssguences.
Incineration emissions rmay coninbute 1o airborne PRAS,
although this is largely un-studied. Similar cross-media
impacts may be relatad to land application. Disposing of
bicsolids in landfills likely increases the concsntrations of
PFAS in leachate discharged to WRRFs, Howaver, of the
three disposal methods, landfilling in properly built and
managed landfills appears 1o posse the lsast risk because
fandfills have enginsaring controls and snvironmental
monitoring systems.

Accordingly, landfills and WRRFs have an important and
mutualh-beneficial relationship: landfills nesd to dispose
of lsachate and WRRFs nesd to safely manage society’s
biosolids. Together, thase two critical snvironmeanial
infrastructure components would benefit from enhanced
cooperation o manage PFAS 1o serve the needs of both
indusiries and protect the environment,

NTH
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6.0: CONCLUSIONS

PEOA and PFOS wers detected in all of the leachate
samples taken in the study. The concantration ranges
were simiilar 10 previous leachate studies conducted

glze

whers in the US. The variability frony landfill to

landfill may reflect variations in waste-types, wasie age,

siz@

of landfilis in the study, and the relative state of

decomposition. In summary:

In leachate sampled from MWRA member landfills
that participated in this study, PFOA ranged from 240
t0 3,200 ppt and PFOS rangsd from 100 10 710 ppt.

Irt published studies of landfill leachate in the United
Siates, PFOA ranged from 30 to 5,000 ppt and PFOS

[nTaYal

rangsd from 3 1o 800 ppt.

Michigan leachate concentrations were substantially
lower than some other countries, such as China,
where published studiss show PFOA rangad from 281
to 214,000 ppt and PFOS rangad from 1,150 to 8,020
opt.

Comparing lsachate volume and mass contribution from

the

35 landfills examinad to the total influent mass at the
39 WRRFs shows that the contribution of PFOA and FFOS

is rmostly from non-landfill sources.

¢+ (n a statewide basig, available date indicates that
the 34 WRRFs that have influent data raceive
approximately 1.4 billion gallons of influent daily
{based on design capacity), with approximately 0.08
fbs /day of PFOA and 0.15 tbs / day of PFOS.

The rangas of FFOA and FPFOS concentrations in WRRF
influent that do not acoept leachate show overlap with
those that do accept leachats.

+ N WRRFs that do not aceept landfill lsachate, influent
levels of PFOA range from non-detect to 179 ppt
while FFOS ranges from non-deiect 10 499 ppt {next
highest value i3 128 ppt).

+  InWRRFs that accept landfill leachale, influent levels
of PFOA range from non-detect 1o 64.8 ppt while
PFOS ranges from non-detect to 82.4 ppt.

%

Available data show that PFOA [evels in WRRF influent
are wall below Michigan's most conservative surface
water criteria 420 ppt) at all WREFs examined,

and that PFOS levels in WRREF influsnt ars below
Michigan's most consarvative surface water criteria

{11 pp ot approximately two-thirds of the WRRFs
examined.

+  (In 3 statewide basis, available data indicates s The data ooliacted during this study indicate that
that the 35 landfills contribute approximataly ong leachate provides a relatively minor contribution to
million gallons of leachate to WRRF influent, with the overall PFOA and PFOS concentration in most
approximately 0.01 Ibs / day of PFOA and 0.003 bs / WRRF influent; non-eachate sources of PFUA and
day of PFQE, FFOS contribute greater mass 10 WRRF influent than
lsachate.
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1.0: RECOMMENDATIONS

Rased on the resulis of this study, we presant ths
following recommendations:

The solid wasts industry in Michigan {and nationally)
must continug working to undersiand the significance
of the contribution of lsachate 1o PFOA and PRGOS
receivad by WRRFs and work towards reduction
solutions,

The conclusions of this study are based mainly on a
singla leachate sample from aach landfill and limited
available data for WRRFs. Therefore, calculated mass
values are estimatas and more data and information
are naasded. This should include additional lsachats
data, WRBEF influent data, and biosolids data.

Facilities will nesd 10 prasent and discuss their
ndividual results with the WREF receiving theiwr
lsachate to help evaluate any appropriate solutions on
a local basis,

The information gathered during this study and other
rasaarch can be used to develop, where needsd,
improved practices for management of wasis that
coniains PFAS within and between landfills and WERFs,
Fuiure collaboration should involve forming a workgroup
consisting of MWRA mambars, MDEQ, MPART, and
WERFs, Discussions should take into consideration
the unigque aspects of landfills ag a componeant of PFAS
managemaeant and their interdependence with WRRFs in
providing an important function to socisty. Further, the
stakeholder partias naad 1o work with toxicologists and
other environmental scientisis to better understand the
potential impacts of PFOA and PFOS on human health in
the context of landfill leachate and in general,

MWRA s commitiad to continue plaving an active role
in this process, as demonstratad by its funding of this
statewide leachalse report and ongoing participation with
state and federal tachnical and scientific scommitiees
wiorking toward solutions that follows sound scientific
principles and implemeants best management practices
where naeded.

NTH
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